17 FEB 2005 | METHOD AND SYSTEM FOR HI DI NG REFRESHES | N A DYNAM C RANDOM
ACCESS MEMORY TECHNI CAL FI ELD The present invention relates to dynamc
random access nmenories, and nore particularly to a method and s]inyﬁ{nfor
hiding the refresh of such nmenories thereby allow ng such nenori’e dbe
accessed at any time. BACKGROUND COF THE! | NVENTI ON Dynam ¢ random access
menories ("DRAMs") are comonly used as the system nenory in conputer
systens. The DRAMs are typically coupled to a 10 central processing unit
("CPU'") through a DRAM controller or bus bridge which is, in turn, coupled
to t he CPUMEIAQBMRDY B EERDF OBUSIDINGeR ERANS HESINUY > BYNAMIC RN Oinor vy

arrays each having a | arge nunber | s arranged in rows and
colums. Each nenory cell of theA§%%ﬁ¥$&§ﬁ¥P only a single transistor and
capacitor, thus nmaking DRAMs very conpact.. The conpact nature of ARAMs
makes 15 it possible for themto provide high nenory capacities at

rel ativel WHOHNI@AL®SELDAI t hough DRAMs have the advantage of providing

relatively high nenory capacities at relatively little cost, they have the
di sadvant age of requiheipigsenparviendor reletes tosHynsmie fadonneeagssymemioriss, 2RBr e

particuyl arl sinc ry cells store data, . b har gi hei.r respective
mmry%celw%éé’ﬂg&"ﬁ%&gpgk ‘BF@Hth’é‘?rﬁyﬁ@B’ %ﬁ?‘&gﬁ‘-fs?"% ngieggf SB‘é}bé’?ﬁ“?‘ °§ must
be rechar Wewali&ﬁﬁ%m%émﬁéﬁb%e%g&&ﬁ a‘(%n?'ﬁﬁ{eﬂe has | eaked from the
capacitors. Ddring the tine that the nmenory cells are being refreshed, ‘data

generally cannot be witten to either the row of nmenory cells being

refreshed_or a% Qt her rrerm]r%ycel |s.in the array. Further, although data
may be r e AERERAINR P A He @N(Té@]\]s bei ng refreshed, data generally

cannot be read from I Em&% - L e P HRAME AYe

appl i cati ons of DRANE, SUCh™as 8§C%E%§eg{én§§§t%m rrené)raye C{rﬁéongeofegc?s

- peri odi calthey systdrh apbmbReinTesmpiitet 84témsl0EBhen DR A niré itgaedllyy cdipled td Bei r
usef ul ness. However, the need to periodically refresh DRAMs generally makes

"t hem 10 central processing unit (“CPU”) through a DRAM controller or bus bndge which 1s, in
turn, coupled to the CPU through a processor bus. The DRAMs ‘inch;ljdéjj éﬁe or n;lore
memory arrays each having a large number of memory cells anahééd3iﬁ rowsiand
columns. Each memory cell of the DRAM requires only a S‘ingic t:rahsistor;and
capacitor, thus making DRAMSs very compact. The compact nature of DRAMS makes

15 it possible for them to provide high memory capacities at relatively litt;]é cojst.‘ .

AlthOugh DRAMs have the advantage of providin‘g“rejlétively high
memory capacities at relatively little cost, they have the disadvantajlge}; of réquiring
periodic refresh of their memory cells. More particularly, since memory cells store data
by charging their respective memory cell capacitors to predetermined v};]tagés, their

20  capacitors must be recharged or “refreshed” before excessive charge has 1eakéd from
the capacitors. During the time that the memory cells are being refreshed,':déta
generally cannot be written to either the row of memory cells being refréshed or any
other memory cells in the array. Further, although data may be read from a row of
memory cells being refreshed, data generally cannot be read from othermém(‘)ry cellsin

25 the array. For many applications of DRAMs, such as for use as system merflory; the -
need to periodically refresh the memory cells does not significantly limit their
ﬁsefulness. However, the need to periodically refresh DRAMs generally makes them -

unsuitable for other applications, as described below.



unsui tabl e for other applications, as described below 17 FEB 2005 Conput er
systens using DRAMs for system nenory also frequently use a cache nenory,
which is normally coupled directly to the processor bus. The jdaktielilfrenory
allows the CPU to nore quickly access frequently or recently used
instructions and data. Cache nenories are generally inplenmented using
static random access 5 nenories ("SRAMZ') that al so have at |east one
array of menory cells. Each menory cell in the array is generally

i npl emented by a paip of cross-couple istors, and ach cell. is
accessed through a pQP’P’pB eré%%‘é’?gug?%g)%?%{ Syﬁ%érhmgﬁﬂm %@%@F@ue 4y iS¢ hus
10 gener al } ¥a@Rthahos @Jhiél?%sﬁorﬂlailp%aﬁbl% Airectl o éher;?r%éﬁsﬁor HRAMER! @ch&r

| ess'; conpact than “DRAMs and therefore significantly nore expensive.
However, SRéerhalleysahe GRINtd moanguiakly antaag &equartlyldRAbdentln usddansthivdions
menory cells do not_ need to be periodically refreshed. As. a result, SRAMs
can be acc¥iséatapyCashe ammasies i egeng@ly caiplemenipd usingestaliG, ISR} 364ess j ¢

| d i mes_pe. i 1Ceass] DRAM
cache namorsTEEepESRAGRES b JBf nhta E Bl BN ENLA CoIBE RGP hlthoRy 1
Menory cougdl Hﬁtlﬁ%&?ﬁ@%enlﬁﬂ??ﬁ@ﬂ@merﬁ&ﬁ@} taepdinef Ercik-goufled aahdistord gher

expense, 15 SRAM s are generally considered nore suitable than DRAMs for
use as acheacheabisaccedsed thaatigh dpaidefaecatd ansstarseEpRAMRAM menacheclhbi®ry so

that high capacity. cach ry coul d,be prayi t relatively little
coat At { enBEPIAH I 04 TSGR DARMET O NG 36 G BuParbet
attenpts hpwre\deneiialteyeBfe0\{ifiddRAY CRBRS k¥heRREAUSEoRLvel D SRIANAPIHavEYa t O
access themduring periodic refreshes. For 20 exanple, attenpts have been
made t d0i nppeifieait abehagesver \DRAMy) ira thdt gthet apamiotyy celBRAM mridnegd to be

significantly smaller SRAMto te rarily store wite data during a,
efresh of PIRSIGBBXAFHESBRL.L A8 d5HUlL SRAME C?&bbwqcﬁséﬂi’b’éh@c {%ﬁUm&mﬂ AP
these attegnf, e l. d JLAeT I pdeL sone
Ci rCuwstances?’tfhﬂée{yhﬁave éétﬁwhﬁlag:agglﬁaneﬁﬁgél%g%g%gﬁregéo DR v trjgder at

| east soneadbssiig £DRRMaelke nemoay wwawhieuytilod refiests hasbeet kumpldiditsdorerthor  art
cache DRAMs constrained _conputer systems using themin various ways, and
their use @ﬁc{lgﬁlwp@gg berpseesseh Therefore, despitetheir mgmﬁcant!rly 1gher expense,

- 15 SRAM’s are generally considered more suitable than DRAM:s for use as cache memory.

It would be desirable to use DRAMs for cacﬁe merjn

capacity cache memory could be provided at relatively little cost. Att ‘

made to use DRAMS for cache memory, but these attempts havé geﬁerally proven

unsuccessful because of the inability to access them ;dun'ng‘period‘ic‘ refreshes. For

20 example, attempts have been made to implement cache memdry using zfijvhigh capacity

DRAM and a significantly smaller SRAM to temporarnly store write data during a

refresh of the DRAM when the data cannot be wrtten to the DRAM While these

attempts have been able to “hide” refreshes of cache: DRAMs under some

circumstances, they have been unable to hide refreshes of DRAMSs under at least some

25  circumstances for a varety of reasons. Thus, these prior art cache DRAMs constrained

computer systems using them in various ways, and their use ofien required that the
computer system be specially modified for use with such cache DRAMs. ‘3

It would therefor be desirable to provide cache DRAMs that could truly

hide the periodic refresh of their memory cells and which did not require special



conput er system be specially nodified for use with such cache DRAMs. It
woul d therefor be desirable to provide cache DRAMs that could truly hide
the periodic refresh of their nenory cells and which did not ﬂ%i}ée
special 17 FEB 2005 3 nodifications of conputer system thus egl 0959 such
LRAMs to be pin conpatible wth cache SRAMs. SUMMARY OF THE | NVENTION A
dynam ¢ random access nenory ("DRAM'), Bncludes first and second 5 arrays
of menory cells each containing substantially the same data. A refresh
circuit is_ structured to refresh t oy, el s, hreither.the fisst
rray or cRETEEion’ & s, DR, i FHOP Rt P FRARISCll BEPiA P b

St ruct ur edwitp caMeiSFOAMBCCeSs to one of the arrays as a function of which
if any of the arrays is being refreshed. For a wite access, the refresh
circuit determnes if either of the arrays is being refreshed. If one of

th I.S_hei 0 h f h ci it allc data to b
wr?t ?;Lagzsmghﬁthﬁ%ﬁ%ﬁO&l ﬁg“ram[ ?Zshg:j.rcilj'lhe 3/ri ?\é\sda?aaarg ano '
buf f d il th f oy ‘ j

urfered until the r%ﬁéﬁm}ﬁ &nﬁ&ﬁ%g&gﬁfenﬁg(gﬁ&i\&‘g‘ﬁng‘gﬁ%& fi&Paddse &f‘dr array

that was being refre ternatively ata c ater rea om

the arrgfy dreaysdloif ekenidry\wells ¥dchtdopmairng sitsemtially tHeesandealatdleA acfrésh dideait isvas
being refreshed. If neither of the arrays is being refreshed, the refresh
circuit aldtogrehtarafteshéhe memory edks meeithst theafirshggay phihier sgpensiaray, bk

ith f i i | i i ndi.cat i op,;of whi ch
ei ther case tb% Ig}e_a f Irezj% Q’é&lﬁ LeU ta%sg r??r%%ﬁrh’{eﬁtﬁl QC%BQ& ac'tc?s%“tg%%'e gftgg arrtraﬁsaasz{ c

array(s) trhde av en Wit y setting a i

register. fuaktich SERHiCAGE &HSof thD Qb i BeiheGefibdhel. B6F 2iHtOaScehd, 1R fch@sh OF
both of the arrays contain valid data at |ocations corresponding to an
addr ess f ramuitdetsrmtings 18 eitlzer xf ¢het wraypas being refiished: elfoag lof Hierartsys 15 heang

al l ows data_t e rea%?f om a_tsaltl}east ne of the arrays. 20.containing valid
Gat - W no@temed s Bdirsh SHrdt LIRSS it T P iGrack ORI BRAR BapPtgiene
advant agequgleyhdds ethedsrite GAFBR AR MUYerbduRiCRERAE G i$ ¥ShBRed2 2n BB fen
DESCRI PTI ON OF THE DRAWNGS Figure 1 is a schematic top planiview of a
senm conducwottemad gre mmwhaigwas being refreshed. Altematively, the data can be later read
from the array to which it was written and then written to the; array ‘th‘a't was being
refreshed. If neither of the arrays is being refreshed, the refresh cifcuit alles data to be
15 written to both arrays simultaneously. In either case, the refresh circuit also retains an
indication of to which array(s) the data have been written, such as by setting a flag in a
register. For a read access, the refresh circuit determines if either or both; of the arrays
contain valid data at locations corresponding to an address from which the-data are to
be read. The refresh circuit then allows data to be read from at least one of the arrays

20 containing valid data. Since the refreshes are substantially hiddén, the DRAM can be

advantageously used as a cache memory in a computer system.

BRIEF DESCRIPTION OF THE DRAWINGS
Figure 1 is a schematic top plan view of a semiconductor wafer showing
the layout of a plurality of arrays of a memory device. '
25 Figure 2 is a block diagram and schematic showing a portion of the
circuitry that may be used to access the memory arrays shown in Figure 1.

Figure 3 is a block diagram of the memory device shown in Figure 1.



the layout of a plurality of arrays of a nenory devi ce. Figpmngm%s a bl ock
di agram and schematic showing a portion of the circuitry that may be used

to access the nmenory arrays shown in Figure 1. Figure 3 is a block diagram
of the menory device shown in Figure 1 17 FEB 2005 Figure 4 is a flow chart
showi ng the operation of a refresh controller wused in the nenory device of
Figure 3. Figure 5is a block diagram ¢t a conputer system containing the

menory device of Figures 3 and 4. 5 DETAI LED DESCRI PTI ON OF THE | NVENTI ON

The following is a fg'r?&r i lf%lPWf e sed
during refreshes ofﬁt e ﬁ§%6f§°§i? s In fﬁgqggﬁb%%ﬁﬁht |% e%%%?%@ﬁ%ﬁ?
certai n dedediih $hexhemsBt deévivetdf Higuresder to provi de a thorough under st andi ng
of various enbodinents of the Er_esent i nvention. It will be clear to one
~skilled in the art, Figowed &2 bipok dingram lof 2 sompaier sysig@rongmning fheomemonet i ced
wi t hout these dﬁ}ails I@4other I nstances, well-known circuits, circuit
conponent $VIgEof 1agES 324 fynal's and associated timing protocols have not
been shown or described in detail in order to avoid unnecessarily
obscuring the description of the various enbodi nents of the invention. The
pr ef er 5e dDETMUEDEDESCRIBTION OFTHEANVENTBIMRAM formed on a 15

sem conductor die 10, as illustrated in Figure 1. The sem caonductor the 10
contains a plurali Thedpllowing: ip »4ererivtoaned o DIRANK and mgfiedothat magahk N,

Each nmenory. bank contains t Menory arrays a, in he sane size and
storing’t ﬁée/cegsgﬁek re%gtﬂeg. ‘V’gﬁtfs{“e WY e r@%&lﬁ%@i sﬁ‘ %%f’ (geg%rt‘lpt}‘f’élnory

address. Astain 'dREHE tare isét RRM inBRIRF Yo PréAlde h2MotcughCliibrét@idifs M vari@uéemory
access to the DRAM can occur in the 20 other nenory array 12b. Al though the

| ayout = of embodiments ofdhsprt@ent nenton. frwilh puclear td ons sknlleflan thedhrt,iloweiverd, be
understood that the nenory arrays 12a,b_nmay be laid out i t her _

arr andBettet %erﬂ@swéﬁﬂwtwﬁw bR rrdised "‘flé‘OEBFffeéE Ssfdfeng hier {PStBress i n
_the arrayg,eidawh Wrc%dits,ng}?’cﬁ? SAALAE D 2t tldnk 6 SeRAkCalP abdoBH& fimifS 1S

wel | known i n the ar
protocols have not been shown or described in detail in order to avoid unnecessarily

obscuring the description of the various embodiments of the invention.
The preferred embodiment of the invention is a DRAM formed on a
15 semiconductor die 10, as illustrated in Figure 1. The sérrﬁconductor die 10 contains a
. plurality of memory banks, BANK 0, BANK 1, BANK 2 ... BANKN. Each memory
bank contains two memory arrays 12a,b having the same size and storing the same data
bits.' “Thus, two memory cells exist for each memory address. As a result, if one
memory array 12a is being refreshed, a memory access to the DRAM can occur in the
20 other memory array 12b. Although the layout of memory arrays 12a,b shown in Figure
1 is preferred, it will be understood that the memory arrays 12a,b may be laid out in

other arrangements.

The manner in which access to corresponding memory cells in the arrays
12a,b will now be explained with reference to Figure 2. As is well known in the art,
25 each array 12a,b contains_ a large number of memory cells (not shown) arranged in rows
and columns. A row line (not shown) is provided for each row of memory cells which,
when active, allows access to all of the memory cells in the row. A particular memory
-cellin the accessed row is accessed by coupling a data bit to or from the memory cell

through a pair of complimentary digit lines, one pair of which 14a,b and 16a,b 1s shown



25 each array 12a,b contains a | arge nunber of nmenory cells EQ;B%@ﬁ
arranged in rows and colums. A row line (not shown) is provi 5 f each
row of nenory cells which, when active, allows access to all of the nenory
cells in the row A particular nmenory cell in the accessed row is accessed
by coupling a data bit to or fromthe nenory cell through a pair of
conplinmentary digit lines, one pair of swhich 14a,b and 16a,b is shown 17
FEB 2005 in Figure 2. The digit lines 1l4a,b couple data to or from one
colum of the respective arrays 12a b, and the digit lines 16a,b couple

the conpl imBigbreot- The digat ‘éll@csol%rb fouple datrto QraftemQAE MR of the TS?HESS‘/‘SE 12a, b.

The digit I for

omtted in %)ﬁe | r%)t’ere@'fe é)l%nef]lng(rg%a;ggnd)@%trhgc&{@l{ng%igfg}ﬁ v(a/nlPa {lzﬁ& gure 2, t he
di git |ingsnd éalumnodfithd Gasabs anebC ouRl @t lifes ESRNAB DdHer QoRmixBUiftthy aB@yd hr ough
a respective set of isolation transistors 22a,b, negative sense anps

("NSA") 242, bha‘fmbﬂenlomtts@mstbemst(dﬂ@@ﬂt}) aRBbrebitand a respect ive set of
transfer gatetran5|st S |on f t he ation
transiStors 22a,b ant é"‘lsghag‘@ué‘?‘rg 1@5 ﬁﬁaolélare cPled Bonpl et e
10 expl angf theseho

brevity. %Jh%rpg/d \?ﬁﬁ%}ﬂgf}{r\%%r l%%c:{ag%s%g%g?éagihgg{:g%ﬁmﬁ irﬁﬁsgﬂtgﬁt %Qéig’t a path
(not shovvn):gzitovd bensk/ donpe (‘rNSAf [} )24202) pEslttiversmse faots 0P SATH Hm,ls anfl a

transfer gate transistors 28a,b t urned 0 couple t to menory
cel l's i n MFPSEY@Seled! daRsien sate AANSislom 8§§é>d 186 QRET&iahe ﬂaﬁ ﬁlf’g%tlf’fbf t he

arrays- 1 f S te ! ned
ON, data @n%;tpg% ztzlgeo %?‘FL% ﬁl §Jn<'§9 Jﬁés z %9 R H)I??%letﬁ%lg r?cf%t rang#eg gate
transiigt oex?;f)l%ﬂbn@ﬂi @f&lhkfrﬂ&&ill%erdi@ieabd §m\ﬂ!ltéd irethetiatdrbg ofesreviyy. Bufiig al2b. | f
both sets of transfer gate transistors 28a,b are turned ON, data is
written tovrdetrhenernnpgcessy dats 1&2@umed Tirough® dua giatle (at qbp@fnértalﬁhﬁyl/ébnt ai ns

te buff f st
of the ar Ppathy 2. 5 Eper drfRAcoT uR sdhal Hinfieh MiGreislte Bl st e
array, theu4aiaoR & cbﬁme%r ﬂétx t%tl%ﬁ@ly rbetulaem%ﬁ ta%d?éé%é&rcoﬂxﬁnﬂfoftzhﬁ 1/ O
circuit 20. After the refresh has been ctonpleted, the wite data are

transferr addlfeismd tove iwr ¢ither buf bash dfsthecartdys. I%abaylfjlﬁa sbt ohdtangkes gatd ng

refres t%ed tran51s ors 3%'21\21% meg tCﬁ\I "Gata ?se wgﬂaegst]coetile memory array 12a. If the set

of transfer gate transistors 28b are turned ON, data is written to the memory -
array 12b. If both sets of transfer gate transistors 28a,b are turned ON, data is -
written to both memory arrays 12a,b. The I/O 20 circuit preferably contains a
write buffer 18 that is capable of storing a row of write data. If one of the arrays
20 12a,b is being refreshed during a write access to the array, the data are
temporarily stored in the write buffer 18 of the I/O circuit 20. After the refresh
has been completed, the write data are transferred from the write buffer 18 to the
array 12a,b that was being refreshed. Alternatively, data may be transferred
from the array 12a,b to which it was written to the other array 12b,a at a later
25 time after the refresh has been completed. For a read access, one of the arrays,
e.g., array 12a, can be considered a primary array from which the data will be -
read if the array 12a is not being refreshed. If the array 12a is being refreshed,
then data can be read from the array 12b, which is then considered to be a
secondary array. Alternatively, each of the arrays 12a,b can alternatively be

30 considered a primary array, with the other array being considered a secondary



fromthe array 12a,b to which it was witten to the other_array 12b,a at a
later 25 tinme after the refresh has been conpl eted. For,h7fé&dMﬁccess, one
of the arrays, e.g., array | 2a, can be considered a primary array from
which the data will be read if the array 12a is not being refreshed. If
the array 12a is being refreshed, then data can be read fromthe array
12b, which is then considered to be a @econdary array. Alternatively, each
of the arrays 12a,b can alternatively be 30 considered a prinmary array,
with the other array bei ng considered a secondary, 17 FEB 2005 array. For
exanpl e, twyarﬁaye&azaplﬁaﬁl%@r%ﬁga aeehe Pﬁ@mg?ieﬁ*atiig PIHRGYY afngy ?ﬂ@¥h%r ray

12b may b j r I , ych is
the du at 150l 5o S SERRE Seia pihy PR RENaR] O natEh 15 100
nmay be cahgiddedtRsh bhetypicdTaEfteeH pétodnHot 1he ixt & mk? ehomyaPpe2’ amsi sker ed
the secondary 5 array, and so forth. In either case, data will be read from
t he pri nmargpnaidesgd fife privwarypairapend she ayay 42acmayls agnyidercddhe gecandarhe
primary_array is,bei refreshed, the data ar ead,fromthe secaondary.

B oy et laap e T Aher Siss, Saghibbefed fBbr RERAS TS, Ad oy o
refresh cqpimety Sfray RohotGNE refrddhean IMHd pliRafX BaY 1€8eind lehesRiEHBNCE O
Figures 3'and 4. 10 During a read operation, the sense anplifiers '24a ,b
and 26a, b ddvaropeal froontle semondany awhy.aJthearansder ghte twhingistolsi 28ssb bag 16

corresponding to the da bei ead rom an. addresseq c m _i.n.an
addr essed grsggrgl?lytq{gr@,tgmya éqr}geéglscofiré{llﬁ @’iegthwnt)hé’?“‘nggﬁ egpgadgchr' gate
transi st 0r\§itl§§§%perg:%§o}r~?@ﬂ%g3%dtép couple the conplinentary voltage to the

1/0 circuitr I's then coupled fromthe .1/0 circuitry through

t he 151@ata path. |fDiufeg $edadaipetatiansthe sergatatplifienssidattossl 2hh déveldpus ned
ON, data is read fromthe nmenory array 12a. If the set of transfer gate

transi st orc®mpaEneataEy votagencrays thedigit liges kb cqrrespondies inethe dptadeingready.
Al t hough il t | b
oug eﬁ} agga?%&gsted%bﬁ%n AR ?g%%séggrg@bcg&@%%@%@d@?% r%ia%r "GSortré |

bot h ‘trans ransi stors efform a wite

to one arrsay d2&ahsfEolhteragistors ©ad bl rentuiitd ONeS caiplaythd 2omplinidataey 20
speci ficall 31/ for exanple, the transfer gate transistors 28a may be turned
ON to readoligae o theditd eieuitme ABrandaif isahen couplephieom the Vercitniry/ brauggehe

correspo ndcia'?agpz}tﬁ hqge E&%? tr%géfgr gate transistors 28a are turned ON, data is read from the
memory array 12a. If the set of transfer gate transistors 28b are t}ur‘ned ON, data is read
from the memory array 12b.  Although data are not simultaﬁéously read .from both
memory arrays 12a,b, both transfer gate transistors 28a,b may be turned ON to perform
a write to one array 12ab following a read from the othéf array 12b,a. More

20 specifically, for example, the transfer gate transistors 28a may Be turned ON to read-
data from the memory array 12a. Then, after the voltage correépbnding to the read data
has been developed across the digit lines 14a and 16a, the transfer gate transistors 28b
may be turned ON to write the data being read from the memory array 12a to the
memory array 12b.

25 Although the embodiment of Figure 2 includes transfer gate transistors
28a,b specifically provided for coupling data to or from the memory arrays 12a,b, it will
be understood that the transistors 28a,b may also be part of column addressing cifcuitry.
If so, the transistors 28a,b are turned ON based on a column address as well as which |
array 12ab is to be accessed. Other circuitry for controlling access to either of the

30 arrays 12a,b may, of course, also be used.



has been devel oped across the digit lines 14a and 16a, the transfer gate
transistors 28b nmay be turned ONto wite the data being reag f'_rrggmthe
menory array 12a to the nenory array 12b. 25 Although the enb difkB 050t
Figure 2 includes transfer gate transistors 28a,b specifically provided

for coupling data to or fromthe nenory arrays 12a,b, it will  be
- understood that the transistors 28a,b mMay al so be part of colum addressing
circuitry. |If so, the transistors 28a,b are turned ON based on a col um

address as well as i ch bgﬁﬁi{rﬁé’# ﬁﬁﬁg%g@ Rg"iﬁggaeﬁi?g:gg r%gﬁ{iscéh%%}ﬂ”y‘

for controlling acces¥ ¥'8 arra , of course,

al so be usgigdré FERZADthe’DRYEMVESPPFENL tRE DR RRAMOARclirdél N nderibdlden
refresh is shown in Figure 3. As in 1he DRAM of Fi gure 1, the DRAM 40

i ncl udes anksreagh hbemgstvenairapailal. tRowarndgslunin addresesy fandceessing
addresses for.accessin data in the arrays 12a,h are applied through an
address bd@& the &ﬁraé(gdlrzégg aKe ﬁﬂpﬁ?cb?]éﬁ?é‘éﬁ4%‘, aQﬁH’Sé g’rﬂ?ﬁ‘ﬁﬂd tgia&n%ﬁcgregsr e
applied t n I ; i i i es an
hternal  Comglty a0 and contnaffslanaR GRS GG & ool Bus HOa A os o
vari ety ofcontrot cirbuisi4gnthbs ifcdudesant mvérinahgomineandogeroder Gmotashotshg. DRAM 40,

some of which are discussed bel ow. TTheaddress . nultjplexer 44 couples row
addr esses GE9UR! r@tguie A8 dgenesates i \asietimplagentels signels for ceapelmg, & ol um

decoder s %%@é%i&n%%%ﬂkﬁﬁz&l@f’ tiglg&ng-ofmﬁicw cfi?cxfs'sé&’ beldiy) “ﬂ?esaéﬁgé’sec“ ve

sense anplrftiers I'I'ke" the negative and positive sense anp rers 24,

26 shown imulfiphixee 44, couples ewpeddreses b @ rosededdeflidndaiotumb "dddaAses and
wite drivers ("WRITE") 58a,b ("DCSA/WRI TE"). The DC sense anplifiers
58a, b tbuppdespestive solump glecodersrede fer the arengel2mbl i ThePRAM 482139 to a

T N T P
wite drigngsisfidr8ad) DI sheghh tineFihak@ Naddd Gessdetive 6D.C Thenser birplidiersy/er s
58a, b, in turn, couple that data to conplinentary pairs of digit |ines
 (not show{*PESA’§uard 3Writesdrivers (“WRITE”) 58a,b (“DCSA/WRITE”). The DC
| sense amplifiers 58a,b couple read data from the respective sense amplifiers
15 56a,b to a data path circuit 60. The data path circuit 60, in turn, couples the read
data to a data bus 64. Write data is coupled from the data bus 64 to the write
drivers 58a,b through the data path circuit 60. The write drivers 58a,b, in turn,
couple that data to complimentary pairs of digit lines (not shown in Figure 3) as
determined by the column address. The structure and operation of D.C. sense -
20 amplifiers, write drivers, and data path circuits of the type that may be used in
the embodiment of Figure 3 are conventional.
The DRAM 40 also includes a set of transfer circuits 68, which may be
implemented using the transfer gate transistors 28 shown in the embodiment of Figure
2. The transfer circuit 68 allow data to be transferred from a column of one array 12a,b
25 to the corresponding column of the other array 12b,a, as explained above with reference
to Figure 2.
As mentioned earlier, the memory cells in the memory arrays 12a,b must
be periodically refreshed to avoid a loss of data. A refresh controller 70 is provided for

this purpose. As in a conventional refresh controller, the refresh controller 70 ensures

30 that each row of memory cells in each array 12a,b is refreshed at a rate sufficient to



determ ned by the colum address. The structure and operation of D.C. sense
20 anplifiers, wite drivers, and data path circuits of the 1ygéBtlBlat may

- be used in the enbodi nent of Figure 3 are conventional. The DRAM 40 al so
includes a set of transfer circuits 68, which may be inplenmented using the
transfer gate transistors 28 shown in the enbodi nent of Figure 2. The
transfer circuit 68 allow data to be t8ansferred froma colum of one array
12a,b 25 to the correspondi ng colum of the other array 12b,a, as explained

above with_reference Figure 2.. As ntion rlier, .the. mry,cells .
" the e R §nE ageotdie » HRE e il b apRanTy Dok <Rt oF SREURMING ] ocs
of dat a. Peﬁe%ﬁfr%satlﬁ?%érﬁbﬂyeﬁng}plQébPEI%Hu%ﬁdit f;ﬁéferabf}l GoRUEROREresif\ Dot @

conventional refresh controller, the refrésh controller 70 ensures 30 that

each row oferneyoriaysdld,b ai theesaole tane.ayss E2plaineil sn defarl dshood the operatagreof

sufficient to_ 17 FEB 2005 8 prevent oss of data. However, the refresh
cont r ol | efhergfegh E%B&’i‘ieé%fs ? F}H‘FU?’Hf)gWI‘?}ﬁerrae?‘Fg’é’Fﬁ' Ao ﬁgf‘errf’eWBFeyoré‘r ray
12a, b, zal u [ r I es: rash fuectately a, b at
t he sar?e %%gé%gsthggpféglaﬁg% Ci%Hgg(e?lglﬂ @Eb% %w,ﬁl%t gt%dge?atl oﬁg’o?IE Jl‘?ﬁgg E%fresh
control | eteaddwihite* d “ROMED)ispghadf ThBedfhsh cantraEBry aRodetsSades veihidhdata qalwr i te or
a 5 read, and thus receives control signals fromthe control circuit 48,

i ncl udi ng TegisteRdtiMat.ias explaingd i dgtaid belad) providies ap andieation od ithesier gie date al so
e Faces, %déhhro@v Qﬁ%g.a}’r%'s' E’za,ﬁg AT Th r?%}?ttr g&‘%c%%(v@é £ ”%Hdﬂe&eg?}oﬁl |
el ow, provides an indication’o ethert ata 1h each row of the

arrays 12gdaddress/mhltthlexEheldr Gigithé eéfrebf doRfBIMET0 6OWhAJE esgefow 0Phe t he
address nmultiplexer 44 via the refresh controller 70 so that, as each row

of thelO10 mesrIy\Rrigys &b ivaddsessed, dhfoveaistre 4 ceh@rovadg an mdicatior ghwhedol de an

i ndi cati orheoé)atv\/nethheg1 g%ﬁ dat? in the ?dgr.es ed row of each array 12a,b is
valid. ThePGEF Ut P8 Addresy eve pacli ey d ¢ "1 €50 in conjunction with the
operation of the DRAMeABpithtidn ROWhOS e abmesdien 100 i @oBjuRBeénh tatia thd ow
chart 80, which is shown in Figure 4. Based on the flow chart 80 and a

know edge opératisn ©b e PRAMaA0 wal newrbecoplaingd withgeferance ty a flave chat 88sh
control '_erwh?& 'y esgoxivpl 1Inh1e*igure 4. Based on the flow chart 80 and a knowledge of
15  conventional refresh. controller circuitry, the refresh controller -70 used in the
embodiment of Figure 3 can be easily implement by one skilled in the art using either a
properly programmed microprocessor (not shown) or hard-wired logic circuitry (not.‘.‘
shown). It should be noted, however, that a large number of operating steps of the
DRAM 40 have been omitted from the flow chart 80 and the following explanation
20 = because they are conventional and somewhat peripheral to the inventive concepts
described herein.

One embodiment of a DRAM 40 having a hidden refresh is shown
in Figure 3. As in the DRAM of Figure 1, the DRAM 40 includes N memory
banks each having two arrays 12a,b. Row and column addresses for accessing

25 data in the arrays 12a,b are applied through an address bus 42 to an address
multiplexer 44, and command signals are applied through a control bus 46 to a
control circuit 48 that includes an internal command decoder (not shown). The
control circuit 48 generates a variety of control signals for controlling -the

operation of the DRAM 40, some of which are discussed below. The address

30 multiplexer 44 couples row addresses to a row decoder 50 and column addresses -



enbodi ment of Figure 3 can be easily inplement by one ski-lled in the art
using either a properly progranmed m croprocessor (not shown) or ,
. hard-wired logic circuitry (note shown). It should be not edl] FEB)\M}@er, t hat
a |large nunber of operating steps of the DRAM 40 have been omtted from
the flow chart 80 and the foll owi ng expl anation 20 because they are
conventional and sonewhat peripheral togthe inventive concepts described
herei n. One enbodi nent of a DRAM 40 having a bidden refresh is shown in

Figure 3. As in the DRAM of Figure_ 1, the DRAM 40_i ncl ude ‘ r banks
each havi r§ rteﬁbecé‘rvrea‘iﬂ%!mi@a‘,i?io‘i%ﬁ/\/s%ﬁah f@bﬂ&ﬁrﬁ”ﬁ)ﬂ%?%@@esjﬂg%j}g@g‘@i %50 25
data int r.a i u ; 2: 1.0 :

addr ess gﬁfﬁ%ﬁ@#ﬁxp Sghge gﬁﬂfﬁfﬁegs tg?é,ﬁaﬁlge ?%eﬂgg{‘ﬁi%gﬁ’r"gﬁ‘g‘;ﬁ sa&g%nt rol
bus 46 to anpkfisisr 0lf, Qi6r ehbvin 48 Fidirei 2C hbdegspéctivet &r.0alseasmammslifitesoder
(not shown). The control circuit 48 %enerat es a varietﬁ&]of control_ signals

for contrd‘DGYAThand oystedriversof Vkd TERAM 8eeh (SBAS AWRETER- arthadiiXeussed
bel ow. Th dd .30 t.i pl 4 dd t d
30 and Sol FHNE aRTISs ot RelbBh s ARFELER (Y oBHRRE Fato Bl MR s F or
the arrayssch2gida dhpLepRRAM AR . SPhe ARG PR SirCBR FBC b W8NS el dehder s

56a,b like the negative and positive sense anplifiers 24, 26 shown in

Fi gure 2, datd to esgatatbugetd. Writedsta iampupldadefrom tHeDEBA Yusantl tavthe wrdei ver s
("WRITE") 58a,b (" A/ VWRI TE"),.. The, DC 5. sense anpl.ifiers a, b.couple read
Gata f 1o IRV é%@ﬁwggh 5 Gita pigh efrenit 0. 5 61E ity drreers %ﬁé’oﬂncﬂ‘ ui t
60. The d i i - L; 03 f; ta bus
0. Wt o PR ket oD s e e B Pighe ) 8% B, b

t hr oughO t hdetelahmepgdiyhthel caluirin 8dreIhe Thei sterctlnrievards op&atibn ofnDt@r sgnsecoupl e

that data to nplimentary pairs_of digit |jne not shown in Figure 3) as
10 determaﬁaalclﬁgrst alls rmﬁsga?a@ré%té.pﬁ*hélrgt%@?ﬁtg%tmt anay beved b ¢

serse, ST LRyl bPpghVongs cadlghg P circuits of the type Lt
controll er 70 det er nifrths réfireshCebnitivdlier 7Delepsrmiaeyatal 0dshat the }-)rimary-array 8
1s not being refreshed, then it checks at 120 to determine if the secondary array is
15 being refreshed. If so, the write data is written to Row R of the primary array at
step 122, thereby allowing the refresh of the secondary array to continue. The
write data is then stored in the write buffer 18 of the I/O circuitry 20 at 124. The
refresh controller 70 then waits in a loop at 126 for the refresh of the secondary -
array to be completed before proceeding to 128 where the data stored in the write
20 buffer 18 are transferred to Row R of the secondary array. The process then
again returns to 100 via 116. | | |
If the refresh controller 70 determines at 104 that the primary array is not
being refreshed and it determines at 120 that the secondary array is not being refreshed,
then the write data can be written to both arrays 12a,b. Accordingly, the write data is
25 written to Row R of both the primary array and the secondary array 12b at 130 before -
returning to 100 via 116.
If, after detecting a memory access request at 100, the refresh controller

70 does not detect a “Write” memory access request at 102, then it concludes the -



Is not being refreshed, then it checks at 120 to determne if the secondary
array is 15 being refreshed. If so, the wite data is witten to Row R of
the primary array at step 122, thereby allowing the refresh of the
secondary array to continue. The wite data is then stored iy ite
buffer 18 of the I/Ocircuitry 20 at 124. The refresh controller t hen
waits in a loop at 126 for the refreshldf the secondary array to be

conpl eted before proceeding to 128 where the data stored in the wite 20

‘buffer 18 are 'transferred to,Row R of the secondary array. The.pr s then
g n v ettt Py RaRAR SR Boodsy FeslBRBTRr RS ¥ epdial WRED
104 that #heefpish Mol AY détsroiabs i@k REinia{ eabes bang iehredRUCTIhPE At 120
that the. secondary array is not being refreshed, then the wite data can
be-writterfiesh bottiollar 78ysud@aldia td\beareall fighy RowhB off theeprilatiy drsay2&t step t t en

to Row R of both the primary array and the secondary array 12b at 130
before r¥ur Mbsgprosessothen gturng 10| gtep J00eiiagdtbcdf he deﬁéﬂb pontgRlles 20

request at 100 t [ t det C\Wite” nory
rccessr cligtinetd4h e Rk, Hioofls nof BeB TR BsEEds atiieadlsy b
for a "Reggn RGN ¥f BRCRESndLFHAEY a8 BEpPILBCRIGE efurfin@Prid 434, Athelidfesh t he
refresh controller 70 determnes If the primary array is being refreshed.
| f not , t¢mmtrollef 7@ sh allertorssldct eitier thausemaryatreay or e sesauddry amaRofier Fhof t he
primary array at ste 142. The. progess then returns to step 100 via 144

I'f the r ePFESH RIRET BY SEabIp meags: (chiasey sentiodling tha TapdenetiEdrapsisiorny i s

not bei ng,¢.8f 1 oy i u ta to hecrea @Q‘@B 1 ndary
array at ‘é%ag({) (ﬁ%@f’eﬁ%} gﬁ)e&lrge'?ge? rclllg%ggr\?i %a 4%51?&&15 ?fel T s%wagoﬁhre(})lqﬁae??ﬁego S
abl e 110 seleadarghfriesr Hibevasa.mary array or the secondary array for the
menory access by suitabl e neans, such as by controlling the transfer gate
transi stors 2Sa, b U QRAM R0sdescrbied twith deferenge dor Biggrasr drandhd qani baar y
array _rat_gl 8 %han he ]'191 sSeecandary Er:raém%r Vi ce-versa, The mM 40.
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@ Conput eFjghiss e Mheoelpudst Ys@ATPO0 Shiclsdet £ P& os POMYol Berforming various

computing functions, such as executing specific software to perform specific

15 - calculations or tasks.  The processor 202 includes a processor bus 204 that normally
‘includes an address bus 206, a control bus 208, and a data bus 210. In addition, the

. computer system 200 includes one or more input devices 214, such as a keyboérd or a
mouse, to allow an operator to interface with the computer system 200. Typically, the
computer system 200 also includes one or more output devices 216 coupled to the

20 processor 202, such output devices typically being a printer or a video terminal. One or
more data storage devices 218 are also typically coupled to the processor 202 to store
.data or retrieve data from external storage media (not shown). Examples of typical
-storage devices 218 include hard and floppy disks, tape cassettes, and compact disk
read-only memories (“CD-ROMs”). The processor 202 is also typically coupled to

25 system memory 228 through a memory controller 230. The system memory 228 is
typically -composed of dynamic random access memories (“DRAMSs”). Finally, the
computer systém 200 includes a cache memory 236 that is coupled to the processor 202

- through the processor bus 204. As explained above, the cache memory 236 1s usually
static random access memory (“SRAM?”), and it is provided for the purpose of allowing

30  the processor 202 to more quickly read frequently or recently accessed data or



Figure 5.. The conputer system 200 includes a processor 202 for perform ng
various conputing functions, such as executing specific software to ~
perform specific 15 cal cul ati ons or tasks. The processor POPEf ffh udes a
processor bus 204 that normally includes an address bus 206, a control bus
208, and a data bus 210. In addition, t conput er system 200 i ncl udes one
or nore input devices 214, such as a keg oard or a nouse, to allow an
operator to interface with the conmputer system 200. Typically, the

conmput er - SysthRHbAD OHRkeRer, Relilke @nRintionil doifutetSREm]eld 6Rbe 2ddnar9usked to
the 20 processor 202, such output devices typically being a printer or a

vi deo t er mspdlin ti@neomputersystenia2® of Bignge Sdevd DRAMIBavang huddsn of \ike &yglel vy
coupled to,the processor 202 to stor data or retrieve data from external
storage medPEn @fg'g?ﬁ)&ﬁ;& \iio) 8“5? ther3e %rner%%??ééewmeﬁ@Wm ude
hard and f ! 185, - di = ries
(D> R SR U 2 cbROAERTFBR T o cHATPATIG, T pBRERORA BT
menory 22&alhtheHahbar GEREIsyst61e ks hQPohGéntdaEl sf[bwsa»fsmeefmm%g&tﬁ 2BndsSthe
typically conposed of dynami c random access nenories (" DRAMs" Finally,

the conpuache mymoET2360s Abisl lodersvide carsiriivesnbigh @pacithat relativelydptledosto t he
processor 202 throu rrocessor. bus 204, _As expl ai ned above, the cache
menory 23@%%&I@W¥¥é#%ﬁ%@%%ry ("SRAM'), and it is
provided for the purpqaf bl%fa ké&%@%a@%l@h@ﬁg}?%@é&ﬁéQ&bg&&&x& SRKE pRdb k! Y

read frequently or recently accessed data o FEB 2005 11 i1nstructions.
However , unbdétiendany batn deselibed apoxecfor pugiosasof ilhetrathal) arfewnmpdiZidationss ed
in the_conputer system 200 of Figure 5 is a DRAM havi ng_hi dden of the type
shown 19 AR besmade yythput deviatingofgm thee spigié handrseriey 0D e igations ¥of ce

as many nemor t.1. ghal M of ,t-he sa City, - it.
nevert hel esgmggeégﬁg%%ﬁg%ﬁwgﬁés %’JO e%le}gutr? éln"slisg S@a{;@ﬁ% %’o vlé[rmu_onal

- SRAM of t he aRddest6aPAedtlthe DRUM 40 ehayCaghien® \REY¥y286 DEANMDEShiloRrdtiony,] de a
relatively hlgh capacity at relatively little cost conpared to an SRAM

used as t hacludicgesymshronpu JBRAMs (FIPRAMEppRevibas dBRAMs (“RPRAGGD and
ppeciic SSRRULTEL 3481 LHRSNRL SoSPh N FRpREAgnBaSH risacs Bl

15. DRAM 40 being accessed by a processor 202, it will be understood that other access

devices, such as graphics processors and other direct memory access (“DMA”) devices,

may also be used. Accordingly, the invention is not limited by the disclosed

embodiments, but instead the scope of the Invention is determined by the following

claims.



10 may be made without deviating fromthe spirit and scope of the
invention. For exanple, although thei2DRAM 40 is shown in Fi guyerg Zb(ﬂ
somewhat basic form it will be understood that the DRAM 40 may assune a
vari ety of DRAM configurations, including synchronous DRAMs (" SDRAMs"),
Ranbus DREkat ig CRDRAMs? ) and  Synchronous Link DRAMs, ("SLDRAMs"). Further,
al though Figure 5 shows the 15 DRAM 40 bei ng accessed by a processor 202,
it will be understood that other access devices, such as graphics

pr ocessorls Aadyhaatib emddinraecdss memmory (DRASE),(coRiishgdevi ces, may al so be
used. Accordin I}y, the invention is not limted by the disclosed

enbodi merft ,S“B% fraeery cel¥ scope of the invention is deternmined by the

fol | ow Ng, eEh:H 4FFa &gnglgOlg%@ll;OOS What is clainmed is: 1. A dynam c random
access nmenory ("DI¥AM'), conpri'sing: a first array of nenory cells; a

second aranaddess eneenlrty reeivesin addreasiandels@ng structiired tocaceess épcationingblelr ess and
bei ng struct ur.ed trﬁi access Ioca&.' s,.in.the first and second arrays

cor r esportr i dSG e AIRY PELes PO 'Iﬂéloathfjﬁ‘il “¥rrcuit structured to couple data

bet ween a dhdd path eirBhiNstuciited i @ublel dita WdfleenSLERN briAldafiiEd the fe@ahgol circuit
to receive nenory conmmands and being structured to generate control

signal s 6PEASENE ng to the menory commands to access the first and second

arrays; and ol 81430 el EthimG9 BhEhHO DB SONH Ao d fififay@nd the 11 rst

and secon arrafg, refres g ured“to refresh the

menory ce&lohgol digild defespdirliid toShe Mmiemayy @mmbfds t6 acsessithafiréyand sé@ndef r esh
circuit being structured to cause wite data to be tenporarily stored in a
wite bufd@S®€4ponsive to a wite menory access when either the first or

second ar I%ﬁ'%ﬂ'j Grdif! c'BQ%l%&H fﬁﬁ *&Sngnoltcﬁ]gﬁﬁ%ﬁ& e s W @%60?8 afrﬁié gRh s
conpleted, and to transfer the data fromthe wite buffer 10 the array that
was bei ngefreshfaimsitddingfstractutaddo reffask the themotyarts ooeithieethedirst array or

the second array, the refresh circuit being structured to cause write data to be

temporarily stored in a write buffer responsive to a write memory access when either

the first or second arrays is being refreshed, to determine when the refresh is

completed, and to transfer the data from the write buffer to the array that was being

refreshed after the refresh has been completed.

2. The DRAM of claim 1 wherein the control circuit is structured to generate a first
set of control signals responsive to a write memory access and a second set of control
signals responsive to a read memory access, and wherein the refresh circuit is
structured to respond to the first set of control signals by determining if either of the
first and second arrays is being refreshed, and, if one of the first and second arrays is
being refreshed, allowing data to be written to the one of the first and second arrays

that is not being refreshed.

3. The DRAM of claim 1 wherein the control circuit is structured to generate a first
set of control signals responsive to a write memory access and a second set of control
signals responsive to a read memory access, and wherein the refresh circuit is
structured to respond to the first set of control signals by determining if either of the
first and second arrays is being refreshed, and, if neither of the first and second arrays

is being refreshed, allowing data to be written to both of the first and second arfays.



2. The DRAM of claim 1 wherein the control circuit is structur?ﬁékg
generate a first set of control signgds responsive to a wite 2§05
access and a second set of control signals responsive to a read nenory
access, and wherein the refresh circuit is structured to respond to the
first set of control signals by deternining if either of the first and

second ar shed if a rst and. second
arrays i SL{ a%'&]#%‘q%?f?"g%l 5Iieflb%e ﬁ&n gc‘tl%lsbsgmm%tt&gefl%ratteﬁ §he of the
first anolsesepamoaglgﬂamrespm;vdts aﬂﬁiteh@nﬂﬁyﬁ&feﬁﬁ&ﬂﬁﬂsec@nd sdhef Edrvdl of cl ai m
| wherein the control circuit is structured to generate a first set of

control sTgHes Kspansiysia pyeadiacraomiacesss.afdohpreie Begsfresiiguid écond set of

contr ol s?fugﬂﬁl%éto r&sH) ?18% sE:c? sEF&%oHE@D{ %na?sﬁgﬁ@eﬁer%rﬁﬁgg‘tl‘ﬁegﬁa%f g the

refresh circurt 1s ruc T4 respon control

si gnal s btje dﬁhﬁ‘imbainggeﬂréshed tahenfsxf atlbwingfdatssto bencadseannke ardyadiat iss bei ng
ref reshed, i nelther of the first and second arrays is being

r ef r eshedot %F’IHS\KF &h8dta to be witten to both of the first and second
arrays. 13 17 FEB 2005 4. The DRAM of claim 1 wherein the control circuit
is structured to generate a first set of control signals responsive to a
wite mrﬁ)rTﬂleM%O@idnal whewiuths eontodl cgomt 'rscﬂtruc‘alreglrtalgsnerreispdirsﬁ ve to a
read marmr¥§ gi rl qthetrefresh Clrc?ﬂéi ture

respond t§ PheE8 %‘ﬁﬂa%efp%‘?swc?oﬂtarvglle??e&ﬁoﬂ 8°%59 ae?ef‘r? ?OIE‘E her of
the arraysgnass RepdIGiveed b esagfemai}thecdsk, aﬁ@,w}@kdlﬂmerf@fr&ﬂht(ﬂrchﬁ ipe read from
the array that is. not being re reshed. 5. The DRAM of claim 1 wherein the

control citruetired fogesnongd ¢q thesecand sglerfepatrel sigrals bt deteysyinige icaiter of  si gnal s
- responsi vg. 10,3 1%%&2 ré@éﬁﬁéé’mﬁ?%ﬁaﬁhan t%] ééfgnéj}t)ﬁﬁé réfh s e?ihﬁl'i&lnngs' gnal s

responsive to a read-menory access circ
structureﬂmtmlkﬁembﬁdmkqxhhﬁy$ae0ﬁﬂm$ﬂhy@f control S|gnals by deternlnlng
if either of the arrays is being refreshed and, if neither of the arrays
is being refreshed, allowng data to be read froma primary one of the

arrays. 6, T@@M@lmﬁl ?’w‘i‘lbéni"ﬂﬂ@ ra?rh*‘tﬁahfs WREd AYtht Bﬁhlakysoﬂéscﬁ%@s t he

primary one of the arrays periodical alternates betvween a plurality of
t he arr ayarays periodically alternates between a plurahty of the arrays.

7. The DRAM of claim 1 wherein the first and second arrays each cbntain a plurality
of digit line pairs having locations corresponding to at least part of the address, and
wherein each of the digit lines pairs in the first array is coupled through a transfer
circuit to a digit line pair in the second array having a corresponding location, and
wherein the refresh circuit is structured to write the data to the arrays by opening the

transfer circuit between the digit line pair corresponding to the address.

8. The DRAM of claim 1 wherein the refresh circuit comprises a refresh controller
coupled to the control circuit and the first and second arrays, the refresh controller
being structured to refresh the memory cells in either the first array or the second
array, the refresh controller being structured to control access to one of the first and
second arrays as a function of whether the first array is being refreshed and whether

the second array is being refreshed.

9. The DRAM of claim 1 wherein the DRAM comprises an SDRAM.



7. The DRAM of claim 1 wherein the first and second arrays eachypg?gﬁgn a
plurality of digit line pairs havindg4 ocations corresponding to a ast
part of the address, and wherein each of the digit lines pairs in the
first array is coupled through a transfer circuit to a digit line pair in
t he secorld- dhe BRAM\lslpim IcvhereisplonBRAGM Icomarisesian RIPRAMher ei n the refresh
circuit is structured to wite the data to the arrays by opening the
transfer circuit between the digit line pair corresponding to the address.
8. The DRAMIrh¢ DRANMIOf tlavherwhdteinhike DRIAM SbmrisduntSIDRAM.Ses a refresh
controller coupled to the control circuit and the first and second arrays,
the refresh controller being structured to refresh the nenory cells in
ei ther the fhg HRAIRLIML lt\bﬁeréiﬁ(if?@ﬁrs% Ald Qéond ays %fcfriﬁélﬂd&{)gltéa% ber being
structured to control access to one of the ?lrst an second arrays as a
f unct i on agflusatitt dfemembny Hank so that each df sheopemgryrmihkesdndain anespattétener  t he
- second arrgyfis ein ren%Fshed. 9. The DRAM of claim 1 wherein the DRAM
conpr i sePHrP %@t CCqNY. AHHE DRAM of claim 1 wherein the DRAM conpri ses
an RDRAM 11. The DRAM of claim 1 wherein the DRAM conpri ses an SLDRAM 17
FEB 2005 12. The DRAM of claim 1l wherein the first and second arrays are
i ncl uded 13n ThaPRASYI of glapn 2 avhersin e IARADA is fBbridatedoon hggmieersticor t he nenory

banks co ' ctive ' f My C ; 13. The
oAVt of o aeeits MEREREhE K Bhiard ROl o ARG BRI RN BB oS,
and wher eiré¢astst ¢hatrendrof thadikGe@rageas abttaids b revpetthe padfodithd first @spect i ve
discrete areas so that each of the discrete areas contains a respective
pair of tREMFEYSand second arrays. 14. A dynanic random access nenory
("DRAM'), conprising: a first array of nenory cells, the first array
storing data; a second array of nenory cells, the second array containing
subst ant ildl Aydynhmicrandomdateas memohe("TRAMSE), eomgrisingt he first array; an
address circuit to receive an address and being structured to access

| ocations in the

a first array of memory cells, the first array storing data;

a second array of memory cells, the second array containing substantially the same

data as the data stored in the first array;

an address circuit to receive an address and being structured to access locations in the

first and second arrays corresponding to the address;

a data path circuit structured to couple data between a data terminal and the first and

second arrays;
a control circuit; and

a refresh circuit coupled to the control circuit and the first and second arrays, the
refresh circuit being structured to refresh the memory cells in either the first array or
the second array, the refresh circuit being structured to permit data to be written to the
first array when the second array is being refreshed and to permit data to be written to

the second array when the first array is being refreshed.



first and second arrays corresponding to the address; a data paﬁ Zrﬁﬁbr@ﬁit
structured to couple data between a déta termnal and the first cond
arrays; a control circuit; and a refresh circuit coupled to the control
circuit and the first and second arrays, the refresh circuit being

st ruct ur dd- The PRAMH claiie 1devhsrsin g refesheigpittigstruchized foregusanwrityy or  t he
second ar . I e I . 1t a to be
witten tc%lga%/tﬁgteq%lﬁ (Zr%flf;fér?(g;é,& %glﬁhgeﬁ@fgegéohé@%%%%gﬁgigﬁg?yrag&%és hed and to
perm t datlenteithbretherfirdttoe sedoad atrligs is &einp defegshed; todegerniihe wher ge array i s

being refreshed. 15 17 FEB 2095 15. The DRAM of ¢l aim 14 wherein the
refresh éFgﬁ%‘ilf corapleted, fd fo degnglsr @’8@%@ fygm the W]atéﬁ%‘%llebtodée f"é%@‘@bri |y stored

in a wi ty,gydfd fréﬁr’%&‘aﬁéﬂtﬁ@réf&sﬁhwﬁéeﬁcﬂﬁlﬁﬁ'iéﬁ.aCCGS_S when either the
first or second arrays is being refreshed, 'to determ ne when the refresh

is conpleted, and to transfer the data fromthe wite buffer to the array

DRAM of - citai P DR AT 8l RV erip Ao Brit it S CERbed BFRAbhaeder m ni ng

if eithejthefoftthefifst bsd scrbald m@@ﬁﬂb@lﬁ%e&&sm@, Bied, kol pérififimedataabthe | f SO,
permtting data to be witten to both of the first and second arrays. 17.

The DRAMVHittes taibethiof the Erséprd sasend aa¥ssh circuit conprises a refresh
controller coupled to the control circuit and the first and second arrays,
the refresh controller being structured to refresh the nenory cells in

ei ther tHhé. The BRANVIodylain [¥hehesen decrefrashr @dgepitichmpriedsraasfreshorvntrollérer bei ng

structured to . permt data to be wjtten to the first _arra en the second
array is BEPfg R e cauRl PG a{@thﬁéirﬁ 4d gegond airags “WiefrF%h“{“H\gﬂFfe second

array WheRifoh@rubiuk&d todefréh thén@%fgﬁgcaﬁfiﬁ 88 the A8t arfdiCorRAMCBAd ! ai m 14
wherein the DRAM conprises an SDRAM 19. The DRAM of "cl aim 14 wherein the

first andnsgctbadefrashggutrellee being straesarei to perohit dagd tosbepivaitted fotthe Gfst menory bank
S0, hal egcl) oL\ e JEPLY: S ¢SO o SRRR G b Blen R ke 117t

second array when the first array is being refreshed.
18. The DRAM of claim 14 wherein the DRAM comprises an SDRAM.

19. The DRAM of claim 14 wherein the first and second arrays are included in each
of a plurality of memory bank so that each of the memory banks coritain a respective

pair of the first and second arrays.

20. The DRAM of claim 19 wherein the DRAM is fabricated on a semiconductor
wafer, and wherein the memory banks are laid out on the wafer in respective discrete -
areas so that each of the discrete areas contains a respective pair of the first and

second arrays.

21. A refresh circuit for a dynamic random access memory ("DRAM") having first

and second arrays of memory cells, the refresh circuit, comprising:

a refresh controller being structured to refresh the memory cells in either the first
array or the second array, the refresh controller being structured to control access to

one of the first and second arrays as a function of either whether the first array is



20. The DRAM of claim 19 wherein the DRAMis fabricated on a sem ﬁzgggch%r
waf er, and wherein the nenory banks are |laid out on the wafer in e
discrete areas so that each of the discrete areas contains a respective
pair of the first and second arrays. 2 1. Arefresh circuit for a dynamc
r andom adweéngsrefreshed yund whrier thelsesandgrity isheingefieshedoadl ar r ays of nenory
cells, the refresh circuit, conprising: a refresh controller being
structured to refresh the nmenory cells in either the first array or the
second ara dwya vilhkregifer esuplabtotthotdfesh bertrdies thceditavaidl regisepbtingl access to
one of the first and. second arnggys as a function of either whether the

i

first arrSipciugeditg retpingnrndigaitonof; whthes dpiastraed Wigedgtarmiesd logatioggibnd ar r ay

i's being tﬁ@ﬁfﬁgﬁ@%coﬁ@gﬁrgy d@d euipl 1 d register coupled to the refresh
controller, the data va |cf regi ster being structured to retain an

i ndi cation of whether data stored in predetermned |ocations in the first
and seco ra re valid.. . The. refresh circuit. of claim21 wherein
the ref r@h&é%ﬁ%fefﬁf’é?mf%é CSPPFZm%t Y)’P%rﬂmttge re&@E‘bE‘)‘m}r T SWJF‘[_PEF’ mory access
by det er negond td h weité HRmoRy addlS Byl detdrnimdg $SRGMBLOS thE FiRY and Secbfd NY
refreshed, and, if one of the first and second arrays i s being refreshed,

al | owi ng agyaishsingerefieshedeand; o onp ef tedirgifandsecandragray slsdeinggefieshadr ays t hat
is not bejng. ed.. j [ |.al ein the
ot rosh uRing Fuh EPEPGrinario Rfnd 6 GER Ghd oo B BT BSUIBIPL T 1)
stored i nefieshedt e buffer, determ ne when the refresh is conpleted and then
transfer wite data fromthe wite buffer to the array that was being

refreshed after he refresh has been conpleted. 24. The refresh circuit of

clai m 21 yhepeldhdsheibgt 5ﬁa£1npﬂ%h&£§p%e 'feh?regﬁ E(%&ﬁfdglrgﬁg stfictuf@SBRRGt 0 a

wite menory access by determning if eirther of t irst and second
arrays i swiiteidatp to &k tespaadrilystated irf a waid hdfer,aleterimenef what thanefreskcond arr ays

is being refreshe al | owi ng.dat 0 he wjtt o,both of the first and
second areapLat el gttt o VEle e  BRS R HE ot rash
cont r ol | efejdgSrefrbsted tanteekl feest BEMRBEcIRpIBteiead nenory access by deternining
if either of the arrays is being

24. The refresh circuit of claim 21 wherein the refresh controller is structured to

respond to a write memory access by determining if either of the first and second

arrays is being refreshed, and, if neither of the first and second arrays is being

refreshed, allowing data to be written to both of the first and second arrays.

25. The refresh circuit of claim 21 wherein the refresh controller is structured to
respond to a read memory access by determining if either of the arrays is being
refreshed, and, if so, allowing data to be read from the array that is not being

refreshed.

26. The refresh circuit of claim 25 wherein the control circuit is structured to generate
a first set of control signals responsive to a wrife memory access and a second set of -
control signals responsive to a read memory access, and wherein the refresh circuit is
structured to respond to the second set of control signals by determining if either of
the arrays is being refreshed, and, if neither of the arrays is being refreshed, allowing

data to be read from a primary one of the arrays.




refreshed, and, if so, allowing data to be read fromthe array tQE}tcés not
being refreshed. 26. The refresh cinguit of claim25 wherein th Jﬁt&ﬂﬂﬁl
circuit is structured to generate a first set of control signals
responsive to a wite nmenory access and a second set of control signals
responsi ¢&. The mfregadramgndiclaiméestwreintic: asayrtbatnis tided as ¢erghargioneoft i s

structured to responpd.to.the second set of caontrol signals by determ ning
if eit he%‘eoaf“ayf Hﬁ%ﬁ?%@'salﬁeglabeé?’ﬁa"eﬁgﬁp&:‘gﬁ]étéf ,0(% P neither of the arrays
is being refreshed, allowing data to be read froma primry one of the
arrays. 17 17 FEB 2005 27. The refresh circuit of claim 26 wherein the
array tha$- The ghedh drcvitipd clsimd hegsip therrefrefhecontrpbgrds praiatad &l |y

al t er nat i . circuit of
claim 21?6\’/\%/8@?%%;{%%%“%56 ?%‘é%cteééfsolﬁ{ (%eté%}ﬁjen?ihé zfyeztthre ﬁ%fttt}}%@? ttEl gé Eeg%gg%ond to a read
menory aemewsarbpeidg refrashed, agd,iif eidier bEthedirsttang sédondtarraplarsdemmpd arrays are

bei ng refreshed, and, jf either of the first and second arrays are being
refreshe&e,freéﬂ‘i“g\?vp?@n@éia?tpé’eﬁ%adr ofR the i af e ‘gﬁéa‘@fsef‘l’f@ #1ysthal iy second
arrays tRatbdise refRbhdaei ng refreshed. 29. A conputer system conprising: a
processor coupled to a processor bus; a nenory controller coupled to the
processor bus; a systemnenory coupled to nenory controller for allow ng
Menory aggesses b 1rtshse rocessor.  a data i nput device coupled to the
processof; ‘a qara™o put’ eV gegt:oupl ed to the processor; and a cache
menory coupled to the processor through the processor bus, the cache
menory being a dynam ¢ random access nenory ("DRAM') conprising: a first
array of PEQRSPSPT eeynled toa preesspel sy ay of nenmory cells; an address circuit
to receive an address and being structured to access locations in the

a memory controller coupled to the processor bus;

a system memory coupled to memory controller for allowing memory accesses by the

processor;
a data input device coupled to the processor;
a data output device coupled to the processor; and

a cache memory coupled to the processor through the processor bus, the cache

memory being a dynamic random access memory ("DRAM") comprising:
a first array of memory cells;
a second array of memory cells;

an address circuit to receive an address and being structured to access locations in the

first and second arrays corresponding to the address;

a data path circuit structured to couple data between a data terminal and the first and

second arrays;



first and second arrays corresponding to the address; a data pat h7dibBcilik
structured to couple data between a dé8a ternm nal and the first and second
arrays; 18 17 FEB 2005 a control circuit to receive nenory comrands and
being structured to generate control signals corresponding to the nenory
commands to access the first and second arrays; and a refresh circuit

coupl ed 1 9cddiR] ERALT @ re&divEitbinoANDnifsnds'ahd beiRB driQARAYo BEdAMS, the refresh

~circuit being structured to, refresh the nenory cells in“either the first
array or canirel signals doragspanding tethe afenmgi comimands to dgedsn thesfirstandiseeahdt 0 cause
wite dat%ratg, b% tenporarily stored in a wite buffer responsive to a
wite nennr?’a%%ess when either the first or second arrays i s being
refreshed, to determ ne when the refresh is conpleted, and to transfer the
data fromthe wite buffer to the array that was being refreshed after the

refresh haklisgpiraghigueleddo theontrplciryhgnd die iysandmeeind syt wherein the
control ClReu Lirduit t;[%ﬁr{gus‘ﬁtu‘dfu%h Qe frSRNEE Moy ééllrszﬁ efttier tl%.f %Igﬁéljrr%fl%r signal s

responsive to a wite nenory access and a second set o si gnal s
responsi vihesecond reay, the nfregh acoesisingstdicnited ® dansde Wete dagftod®h circuit is

structured to respond .to the first set. of control signals d 1 ni
1 et her ooy REREh 3 e belestray it RES Berbbiageaier SHeh e of Ut he

first andheFRE&Ddecdnd aiayd i§ bBRiREfrésBEd, @5 Dedsmiak Weh Ak dAbsh 50 be witten to
the one of the first and second arrays that is not being refreshed. 3 1.

The conputasrpletpdiandtofrapsier the deta ot Biervrith bulferfort areayr el was being r uct ur ed
to gener% r%sl%dfaiftretS%le%gf%esﬂihagBQetnrc%anﬂt&Pal S responsive to a wite nenory
set o

access and a secon control “sigral s responsive to a read nenory
access, and wherein the refresh circuit is structured to respond to the
first set_of control signals by determning if either of the first and
second ar thyidieicempEieR gy gﬁ%gg rein the ganiyelircyit lstsr‘i'é‘c?‘ﬁr?cgtlo and second

ggaaygei:g%ﬁl%m@a Fifd 58T Intr st 2WsH8s pdAtide L% RRteMhbhbAmck&sRAlR of the first

arrays.
second set of control signals responsive to a read memory access, and where in the

refresh circuit is structured to respond to the first set of control signals by determining
if either of the first and second array being refreshed, and, if one of the first and
second arrays is being refreshed, allowing data to be written to the one of the first and

second arrays that is not being refreshed.

31. The computer system of claim 29 wherein the control circuit is structured to
generate a first set of control signals responsive to a write memory access and a
second set of control signals responsive to a read memory access, and wherein the
refresh circuit is structured to respond to the first set of control signals by determining
if either of the first and second arrays is being refreshed, and, if neither of the first and
second arrays is being refreshed, allowing data to be written to both of the first and

second arrays.

32. The computer system of claim 29 wherein the control circuit is structured to
generate a first set of control signals responsive to a write memory access and a
second set of control signals responsive to a read memory access, and wherein the
refresh circuit is structured to respond to the second set of control signals by

determining if either of the arrays is being refreshed, and, if neither of the arrays is



32. The conputer system of claim29 wherein the control circuit ild FEB 2005
structured to generate a first set of9control signals responsive to a
wite nenory access and a second set of control signals responsive to a
read nenory access, and wherein the refresh circuit is structured to
respond theingwefreshednalloyeing datagohe reat fisinya arimatyyonechdithe arkayisng i f ei t her of
the arrays is being refreshed, and, if neither of the arrays is 17 FEB 2005
19 being refreshed, allow ng data to be read from a pri mary one of the
arrays. 33. Thheomputityetens yotleim 82 whk@imthd drrih eaelsrustdas the paiyhaihade | S used
as the pripmpry one of, the arrays peri odi caIIy ternates between a

pl uralityld eerﬁ%vsmla%a? 2ternaies Rebwerm aplueist dhe AT&YSai m 32 wherein the
first and second arrays each contain a plurality of digit line pairs

havi ng | ocations corresponding to at |east part of the address, and

wher ei n e¥cAhefomputediygtem bf elaign Paivhsreimthe fiestfand s¢coad aagys ek oughied t hr ough

cor r eaporfPgroetfed i ditr tiiruPReans i PoSRRE M T TR BEY: U ea 1o

write theaddedss, dnd witeeifkachyst thy digReiks fairstih ehe fiRN&tHis gadRed iy t he
digit line pair corresponding to the address. 35. The conputer system of

cl ai m 29 Wpsksigatettpa de&shlﬂrpecﬂa%mrtbchom%arwhﬁymgree@prte@porgierrgelp gationg first set
of control,sj t?é?@ih%hé RIRANGHYS it &r&tnﬁ%& Eoewﬁ‘r“ef?ﬁé Xat@?&ﬁl% 5&%2}?‘0?&%?%2“(1 set of

control si gnal s responsive to access,

refresh cthe aandfer @tesbestweémﬂledhgmlmeqmﬁomires@nﬁhg tsehmadﬂxese.t of control
signals by determning if either of the first and second arrays are being
refreshed, and, if either of the first and second arrays are being

ref reshed35 %EQ PQtef’?}s?enﬁ 8f$l§m{ %%h&feﬁf@h%'&@ntr&%ﬁc@ift idd@chukdsSh and second
arrays that is not bei'ng refreshed . The conputer system of claim 29

wher ei n tgeaecratS a Brshsatiof cmttolc@trplcsnrwgnavemfawsw mmmra@tetseamt@upl ed to the
control circ rrst and.secon rra the refresh .controller
o ng_st risketh s S eorb Bl sigtdl onBORiRa § MR ach S AT bRt e ¢y o
the secoRfed dirtnit i$ feuchatd ess Fm attb eld LEortIBieNE SWnkrdEdiphgsiby 0 contr ol
access to one of the first an econd arrays as a function of whether the

first arrégiermsnipgifritheref e e andhseconsharaysrare being edtssledaprdyf ¢ithepei ng

refreshed of the first and second arrays are being refreshed, allowing data to be read from the

one of the first and second arrays that is not being refreshed.

36. The computer system of claim 29 wherein the refresh circuit comprises a refresh
controller coupled to the control circuit and the first and second arrays, the refresh
controller being structured to refresh the memory cells in either the first array or the
second array, the refresh controller being structured to control access to one of the
first and second 'arrays as a function of whether the first array is being refreshed and
whether the second array is being refreshed.

37. The computer system of claim 29 wherein the DRAM comprises an SDRAM.
38. The computer system of claim 29 wherein the DRAM comprises an RDRAM.

39. The computer system of claim 29 wherein the DRAM comprises an SLDRAM.

40. The computer system of claim 29 wherein the first and second arrays are included



37. The conputer systemof claim29 wherein the DRAM conprises any m
38. The conputer system of claim29 wperein the DRAM conpri ses an

39. The conputer system of claim 29 wherein the DRAM conpri ses an SLDRAM
40. The conputer systemof claim 29 wherein the first and second arrays are
i ncl uded iRéachdf EEBI2IY ™ finreneay hawf sathpl eachof the nodmaergbonks deatdin gso t hat each
of the menory. banks .contajn r ective pair of the first and second
arrays. ﬁ?PeéﬁYS P@&%ﬁ@ﬁ“ﬁ%@%&ﬁ?@%@%i m 40 wherein the DRAM i s fabricated
on a sem conductor wafer, and wherein the nenory banks are laid out on the
wafer in respective discrete areas so that each of the discrete areas

cont ai ns 44 Hesspwerutersypamyof glaimidavhgrein theABAM ifabricatedgsa 42, A nmet hod of
refreshi 'M(ﬁi s RAM Ll antially

hi di ng t %n?:g?(?es ,‘gatfﬁggl?g%g%ﬁ@g%prl Si é?l(kgt or | n%o a?éﬁ?‘ggfaépﬁrst array of
menory cedspsgtivetdinciaigarsadhst that daah b the kiéscaderaregacomtditirad respgectivopadof n t he
first array.of nenory cells in a second array of nenory cells having

subst ant iﬂhqyfli")?t?’ﬁieseg e as the first array; refreshing the menory cells
in ether the first array or the second array, but not both arrays at the
sane time; and allow ng nenory accesses to one of the first and second
arrays ad2aAfmgieed ofirefiesheng hdynamip eandem aceess ety 41RBSM"s whdeng ref reshed
and whet her  t he.second,arr i.s _bei.n refreshed. 43. The nethod of claim
42 wher er oA B AP reffihy e SR SMBLEEES (o one of the Tirst and
second arrays conprises determning if either of the first and second
arrays is being refreshed; and if one of the first and second arrays is

bei ng r eftosiapdata inpfsisngy @hmemosy slsiri tten to the one of the first and
second arrays that is not being refreshed. 44. The method of claim42
wherein the act of allow ng nmenory accesses to one of the first and second
arrays cetoping selsstantially the same data that is stored in the first array of memory cells in a

second array of memory cells having substantially the same size as the first array;

refreshing the memory cells in either the first array or the second array, but not both

arrays at the same time; and
allowing memory accesses to one of the first and second arrays as a function of either
whether the first array is being refreshed and whether the second array is being

refreshed.

43, The method of claim 42 wherein the act of allowing memory accesses to one of

the first and second arrays comprises
determining if either of the first and second arrays is being refreshed; and

if one of the first and second arraYs is being refreshed, allowing data to be written to

the one of the first and second arrays that is not being refreshed.

44. The method of claim 42 wherein the act of allowing memory accesses to one of

the first and second arrays comprises:



21 determining if either of the first and second arrays is being Hgfﬂﬁ§hed;
and 17 FEB 2005 if neither of the firgt and second arrays is being
refreshed, allowing data to be witten to both of the first and second
arrays. 45. The nmethod of claim42 wherein the act of allow ng nenory
accesses determmengif eithéreofithe Btst ambsesenbarthyalis Bojsg chwprddsasl deternining i f
either of the arrays is being refreshed; if either of the arrays is being
refreshed, allowing data to be read fromthe array that is not being

r ef r eshedf neiher of the€irdt ARA s@ond BRa@sik BYiag rdfrdiRéd) gllowingarbad beatritspl g dat a
to be read fromone of the arrays. 46. The nethod of claim42 wherein the

array fréobosdphgfrshandseeandaraysnei t her of the arrays is being refreshed
periodically alternates between the arrays. 47. The nethod of claim42
wherein the act of allow ng nenory accesses to one of the first and second
arrays caigplThsesthddiof climid@gvlicteir thteraet ofdlloming frienmty agvdssse oo &r r ays are
being refre and |f either .or the first and second arrays are being

fr ﬁhfd’ d
r ef r eshed!® BiSf &l $FGOMPLAESOBEFSad  from the one of the first and second

arrays that is not being refreshed. 48. A nmethod of refreshing a dynam c
random access nenory ("DRAM') while substantially hiding refresh, the

met hod caelrfsryiingyif eghenrdfilee azaya is being fefieshedarray of menory cells; storing
substantially the same data that is stored in the first array of nenory
cells in a second array of nmenory cells having substantially the sane size
as the fiif &thedbf th¢ arrd¥s ik belngBe 28004 raibivaghdatgtol Bearei®fromyth€ edrdySthtisei t her
the first array or the second array, but not both arrays at the sane tine;
permi tti Mgt beingreftsshedi@pdtten to the first array when the second array is
bei ng

if neither of the arrays is being refreshed, allowing data to be read from one of the

arrays.

46. The method of claim 42 wherein the array from which data is read if neither of the

arrays is being refreshed periodically alternates between the arrays.

47. The method of claim 42 wherein the act of allowing memory accesses to one of

the first and second arrays comprises
determining if either of the first and second arrays are being refreshed, and

if either or the first and second arrays are being refreshed, allowing data to be read

from the one of the first and second arrays that is not being refreshed.

48. A method of refreshing a dynamic random access memory ("DRAM") while

substan_tially hiding refresh, the method comprising:
storing data in a first array of memory cells;

storing substantially the same data that is stored in the first array of memory cells in a

second array of memdry cells having substantially the same size as the first array;




refreshed; and permtting data to be witten to the second array1wwﬁgqm§e
first array is being refreshed. 49. The nethod of claim48 further
conprising: determning if neither of the first and second arrays i s being
refreshed; and if neither of the first and second arrays is being
refreshed, permtting data to be witten to both of the first and second

. 50 h thod of ¢laimb5 i sing:. det 1 ni if eith
of the f 1 PEEEeEangRyY e s PLe e Sraf PEDR S g E PR e be
witten tgrdybat tersayetipat i s not being refreshed; if either of the first

and second arrays is being refreshed, tenporarily storing the data that is
to be witten to the array that is being refreshed; waiting until the

f h g : . ef. h h b
o ot e eiing it BER e BRTREHES Bl b SBLRES " MO0 Pher ng
r ef r eshedeefreshed; and

permitting data to be written to the second array when the first array is being

refreshed.
49. The method of claim 48 further comprising:
determining if neither of the first and second arrays is being refreshed; and

if neither of the first and second arrays is being refreshed, permitting data to be

written to both of the first and second arrays.

50. The method of claim 50further comprising:

determining if either of the first and second arrays is being refreshed;
permitting data be written to the array that is not being refreshed;

if either of the first and second arrays is being refreshed, temporarily storing the data

that is to be written to the array that is being refreshed;
waiting until the refresh of the array has been completed; and

- after the refresh has been completed, permitting the data to be written to the array that

was being refreshed.



